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CROSS REF ERENCES TO RELATED APPLICATIONS 
[00011 This applicati on is a U.S. national sta^e application of International 
App. No. PCT/FI2003/00048 1. filed Jnn. 16. 2003. and claims the benefit of 
priority of U.S. provision al applications Nos. 60/405.372 and 60/405373. filed 
August 23. 2002. the di sclosures of all of which applications are incorporated 
by reference herein. 
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STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER 
FEDERALLY SPONSORED RESEARCH AND DEVELOPMENT 
r00021 Not applicable. 
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BACKGROUND OF THE INVENTION 
[00031 The present invention concerns forming of a paper or board web from 
aqueous wood fibre stock. More specifically, the invention concerns a method and 
device for forming paper or board at a high speed in the early stage of web 
formation. 

[Even mo re specifically, the invention concerns a method in accordance irtth 
the prea mble to independent claim 1 on the twin-wire forming section of a 
paper 01 board machine and a hvin°mre f o rming section of a paper oi boaid 
machine in accoi dance uitn the preamble to independent claim 8.] 
100041 f 

LWhen making paper of aqueous wood fibre stock, the initial formation was then 
done on one forming wire, such as a Fourdrinier wire part, or in a twin-wire former, 
such as the so-called gap former, wherein a pair of opposite wire loops travelling in 
the same direction forms a closing gap, into which a stock jet is supplied from a 
headbox into the space between the forming wires, water is removed from the stock 
through the forming wires in order to start formation of the paper web by leaving the 
woodpulp fibres randomly distributed on the forming wire or in between the forming 
wires travelling together. 

iP_005]_Depending on the quality of the paper or board to be made, fibre pulps of 
different types are used. The quantity, with which water can be removed from 
different fibre pulps in order to bring about a paper product of good quality, is a 
function of many factors, such as, for example, a function of the desired standard of 
the paper product, of the desired caliper of the paper product to be made, of the 
design velocity of the paper machine, and of the desired standard of fines, fibres and 
fillers in the final paper product. 

J0006I It is known in the state of the art to use forming shoes to guide one or two 
forming wires on the forming section of the paper machine. It is also known to use a 
sof=fccalled forming roll equipped with an open, for example, perforated surface to 
receive water through the forming wire into the interior of the forming roll from the 
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fibre pulp supported by the outer surface of the forming wire. 



[00071 I t is further known to use a forming shoe, whose surface has grooves 
starting in the downfeed direction from the leading edge of the forming shoe and 
extending at a small angle in relation to the machine direction (that is, in relation to 
the traveling direction of the paper web through the paper machine). 

[00081 D evices of several types are known in the paper machinef^'s forming 
section, that is, in the former, such as foil blades, suction boxes, hitch rolls, suction 
rolls and rolls provided with an open surface, which have been used in several 
different formations and sequences when trying to optimifsfee the quantity of exiting 
water, the time and the location during the paper web formation. The making of 
paper is still an art in part in that simply removing water as quickly as possible will 
not produce a paper product of optimum quality. In other words, the production of a 
high-quality paper product at high velocities, for example, at approximately 2000 
m/min, is a function of the quantity of removed water, of the manner in which water 
is removed, of the duration of dewatering and of the location where water is 
removed from the stock or in between the forming wires. 

[0009] E arlier when paper machines operated at lower velocities, for example at 
900f=}=1200 m/min, relative utilifsfeation of the above-mentioned factors could vary 
in order to achieve the desired quality in the paper product. In addition, when 
desiring to maintain or improve the product quality when making a product at higher 
speeds, unforeseen problems will occur in most processes, so that either the 
production quantity must be reduced to maintain or achieve the desired quality or the 
desired quality must be sacrificed in order to achieve a higher production quantity. 

[00101 T he blade elements or foils of earlier forming shoes or blade shoes had a 
forming shoe surface of a curved or planar shape, they had several gaps in between 
the blade elements, which extended in the longitudinal direction over the blade 
element length. The gaps for their part define leading edges for the blade elements, 



Page 5 of 29 



which blade elements are arranged in the cross-machine direction at right angles to 
the travelling direction of the forming wire. Such an arrangement works well. The 
stock jet is directed against the forming wire over the leading edge of the forming 
shoefolade in such a way that a part of the water in the stock jet will travel through 
the forming wire and end up below the shoe/blade. Each foil, blade element or 
forming shoe is either open to atmospheric pressure at its bottom or they are 
connected to an underpressure source in order to improve dewatering by forcing 
water into gaps in between adjacent foils or blade elements. The blade elements 
form the top surface or deck of the foil or forming shoe. 

10011] — However, with increasing paper machine velocities to make paper products 
with ever improved economy, new phenomena begin occurring in connection with 
the paper machineffls runnability and also relating to the appearance and internal 
structure of the produced paper product. Most of these changes are not desirable. 

10012] — These phenomena may occur in different forms, such as an undesirable 
distribution of fines and fillers in the paper productffls surface or internal parts, 
whereby the acceptable retention or finer retention would decrease. These changes 
and imperfections are disastrous for the paper product and affect its saleability. 

10013] There are two techniques in principle, which are in general use in the 

formation of printing stock and writing paper, that is, blade type gap formers and roll 
gap formers. Both these techniques have certain advantages and disadvantages, of 
which the following may be listed. 

10014] — Advantages of the roll gap former are that the impingement of the headbox 
jet onto a roll having a relatively large radius is very insensitive to minor geometrical 
errors in the jet quality and to external effects, such as windage and water drops, that 
Z direction properties, such as regards fillers and anisotropy, can be achieved and 
excellent two-sidedness due to the fact that a fibre mat is formed at first at the same 
time on both wires at a constant (that is, non-pulsating) dewatering pressure, and that 
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a good retention can be achieved due to the fact that initially a constant (that is, 
non-pulsating) dewatering pressure exists in the dewatering zone. A considerable 
disadvantage of this technique is that rotation of the forming roll results in a vacuum 
pulse on the exit side of the roll nip. This pulse will partly damage (crush) the 
formed paper structure as it travels from the zone with a constant pressure into the 
following zone with a pulsating pressure, if the paper is too wet at this point. In 
practice, this limits the formation quality of this type of former, because the quantity 
of water, which can be made to transfer into the pulsating dewatering zone, is 
limited by this vacuum pulse. Essential disadvantages are also the costs of the 
forming roll and its spare parts as well as the rollftls need of maintenance and the 
resulting time of machine shutdown. Another noticed problem with the roll gap 
former is the funsuffici e ut] insufficient dewatering capacity at high speeds (>1600 
m/min) and with dense pulps. 

F0015] A dvantages of the blade type gap former are that because to begin with the 
jet dewatering is carried out at a pulsating pressure, the formation potential of this 
type of former is very good. Since all dewatering components are fixed, acquisition 
and maintenance costs are lower than when using a roll as the first dewatering 
device. 

[00161 T his technique has the following disadvantages, among others. The jet 
inpingement onto a shoe having a relatively large radius and constructed to create 
pulsating dewatering is very sensitive to numerous errors. This is the main limitation 
of an efficient operation of formers of this type. The initial dewatering is quite 
asymmetric, which results in a very one-sided paper structure in the Z direction, 
especially as regards fillers and anisotropy. Because dewatering of the pulp is 
initially done with a pulsating pressure, the retention is low. 

100171 A s regards the state of the art, reference is also made to US patent No. 
5,798,024fcfc US patent application publication No. 2001/0025697, now US patent 
No. 6,372,f-}091tt; and GB patent No. l,H288,fJ277. 
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SUMMARY OF THE INVENTION 
100181 W ith the aid of the present invention the above-mentioned drawbacks and 
disadvantages have been eliminated or reduced, which are caused by the forming 
shoe or blade element on the paper machineff 
Text Moved Here: 1 

(Th e inventi o n concerns al 's forming section to the production and quality of 
the paper product A method is provided i n the twin-wire forming section of a 
paper or board machine, wherein fibrous stock supplied by a headbox [(1) ]i s guided 
in between forming wire s [ (11, 12)] formed as wire loops, where water is removed 
from the fibrous stock in at least two successive dewatering zone s[ (Zl, Z2)] , At 
least a part of the first dewatering zone [(Zl) ]i s formed with the aid of a fixed 
forming shoeff3)} having a curved surface and against which one of the forming 
wires [(12) ]i s supported while the opposite forming wir e[ (11)] is unsupported in 
the area of the forming sho c[ (3)] . The other dewatering zoneHZ2)} is formed by 
fixed dewatering bladesf-(2i)} on the other side of the forming wire s[ (11, 12)] and 
supported against the fibrous stock located in between them [(21) ]and on the 
opposite side of the forming wires [(11, 12) ]b y dewatering bladesf-(24)}, which can 
be loaded in a controlled manner against the fixed dewatering blades [(21) ] at gapsf 
(22)} between these in such a way that pulsating dewatering is caused in the fibrous 
stock in the second dewatering zonef-{Z2)}. The forming wire s [ (11, 12)] are guided 
from the beginning of the twinwire forming section into the area of the fixed 
forming shoe f(3H°f the first dewatering zoneHH)} in such a way that the fixed 
forming shoeH3)} is used to cause essentially non-pulsating dewatering in the 
fibrous fffstock travelling in between the forming wire s[ (11, 12)] , which 
dewatering is applied to the fibrous stock in the area after the leading edge ff?Hof 
the fixed forming shoef-(3)}. The invention also concerns a twinwire forming 
section. 

End Of Moved Text 

[s f o rming s e cti o n t o the pr o duc t ion and quali t y of th e pap e r p r o duct Th e 
method according t o the inv e ntion is mainly characterized in that which is 
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defined in the characterising pai t of independent claim 1, whil e th e main 
characteristics o f the twin-wire foiming s e ction of a paper 01 board machin e 
acc o rding l o the inventi o n aie defined hi th e thaiacteiisuig part o f ind e pendent 
chtinrft ff0019) f 

5 Other chaia ctcihing features o f the inventi o n aie presented in the d e p e nd e n t 
claims.] f 

JOther objects, characteristic features and advantages of the invention will emerge 
from the following detailed description and from the figures in the appended 
drawing. 
10 f 

Figure] 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[00201 FIG. 1 is a schematic lateral view of an advantageous embodiment of the 
former according to the invention. 

fFigure H00211 FIG, 2 is a view corresponding to fFtgure tFIG. 1 of a variation of 
the former according to [Fi g ur e ! FIG. 1 . 

fFjgure H00221 FIG. 3 is an enlarged detail of the starting end of the formers 
according to [Figur e sl FIGS. 1 and 2, at the area hit by the headbox lip jet. 

f Figure! [00231 FIG. 4 is a cross-sectional view of an advantageous embodiment 
of the deck structure of the forming shoe shown in [Figuresl FIGS. 1 , 2 and 3. 

[Figure! [00241 FIG. 4A shows the deck of the forming shoe looking in the surface 
direction. 

[Figure! [00251 FIG. 5 is a schematic lateral view of an advantageous embodiment 
of a different type of former according to the invention. 

[Fi g ure! [00261 FIG. 6 is a view corresponding to [Figurel F IG. 5 of a variation of 
the former according to [Figur e l FIG. 5. 

[Figur e l [00271 FIG. 7 is a schematic lateral view of an application in a hybrid 

former of the forming shoe forming an essential part of the invention. 

f 

t 



Page 1 1 of 29 



DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 
I0028]_Referring in greater detail to the figures in the drawing and first to 
fFigui eJFIG. 1, it shows an advantageous embodiment of the former according to 
the invention. The former shown in fFigure tFIG. 1 is a blade type gap former and it 
is marked generally by reference number 10. Former 10 includes two forming wires 
11,12, which are formed into endless wire loops (not shown) with the aid of hitch 
rolls and guiding rolls. Of the rolls fFtgttrelFIG. 1 shows the first breast roll 13 of 
the first forming wire 1 1 on the wire loop side, through which breast roll the first 
forming wire 1 1 is guided into the dewatering area, and a guiding roll 1 5, which 
guides the first forming wire 1 1 after the formation area into a first wire loop. 
Correspondingly, the second breast roll 14 of the second forming wire 12 is shown 
on the wire loop side, through which breast roll the second forming wire 12 is 
guided into the dewatering area, and a suction roll 16, which guides the second 
forming wire 12 after the formation area into a second wire loop and from which, 
correspondingly, the formed frrirefweb W is guided further to further treatment. In 
the manner shown by fF*gttre}FJG. 1 , suction roll 1 6 is provided with internal axial 
bevels 17, which limit a suction zone 18 or other such suction area in between them. 
The breast rolls 13, 14 are arranged in such a way that the forming wires 1 1, 12 
travelling through them to the dewatering area form in between them a 
wedge-shaped formation gap G, into which headbox 1 feeds stock as a lip jet 2. 

10029] — In former 10 there are two successive dewatering zones Zl, Z2, of which 
the lip jet 2 of headbox 1 is brought to the area of the first dewatering zone Zl. The 
first dewatering zone Zl includes a forming shoe 3, wherein a surface touching the 
second forming wire 12 is of a curved shape, so that it will not cause any pulsating 
dewatering in the web W traveling between forming wires 11,12. The forming 
shoe 3 and the first dewatering zone Z 1 are examined more closely in connection 
with fFjgwestFIGS. 2, 3 and 3A. The first dewatering zone Zl is followed by the 
second dewatering zone Z2, where pulsating dewatering is caused in the web W 
travelling between the forming wires. Pulsating dewatering is brought about in 
such a way that fixed dewatering blades 21 are arranged on the side of the first 
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forming wire 1 1 inside the first wire loop and supported against the first forming 
wire 11, which dewatering blades are located in the cross-machine direction. The 
fixed dewatering blades 21 are arranged in such a way that gaps 22 in the fcro$$= 
machin e l cross-machine direction remain in between them. The fixed dewatering 
blades 21 are preferably arranged to form the bottom of a suction box connected 
with an under-pressure source 23. The under-pressure brought about by 
underpressure source 23 is applied to web W by way of the gaps 22 between the 
fixed dewatering blades 21. 

[On the]1 0Q30L fsidtf [of the sec o nd f o rming wire 12, inside th e second wir e 
teoprdlDewatering blades 24, which can be loaded in a controlled manner, are 
arranged against the second forming wire 1 2 on the side of the second forming 
wire 12. inside the second wire loop . The controlled dewatering blades 24 are in 
the f cr o ss- machin e ] cross-machine direction and they are arranged especially in 
such a way that the controlled dewatering blades 24 are located at the gaps 22 in 
between the fixed dewatering blades 21. With these dewatering blades 
(fixed/controlled) 21, 24 and with the combination of loading elements and the 
suction box 23 pulsating dewatering is brought about in web W. 

100311 T hus, the first dewatering zone Zl is formed by a curved forming shoe 3 
located against the second forming wire 12, over which shoe the second forming 
wire 12 travels and in which forming shoe 3 there is a curved deck 5 provided with 
holes, openings, grooves, gaps or such 6 and forming the upper surface 
( fFi2ures| FIGS. 2 and 3). Under forming shoe 3 underpressure is arranged as 
indicated by reference number 4 and illustrated by an arro w in FIG, 3 for removing 
water from the stock located in between forming wires 11,12. The holes, openings, 
gaps, grooves or such 6 are arranged in the deck 5 of forming shoe 3 in such a way 
that the said deck 5 has a large open surface area, preferably 5OH-90 f% tpercent 
and in such a way that due to their design and/or arrangement they do not cause any 
pressure pulses in web W. Pressure pulses may be caused in web W, if due to 
tension in forming wire 1 1, 12 an angle in the cross-machine direction is formed in 
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between the forming wire and the openings in the deck. Pressure pulses will not be 
caused, if the open surface is formed by holes or by gaps or openings essentially in 
the longitudinal direction of the machine. 

f00321 The holes 6 or such are preferably arranged in the manner shown by 
[Figures] FIGS. 2 and 3 obliquely in relation to the deck 5 in such a way that water 
will be better guided into them. The angle of incidence of holes 6 or such in relation 
to the deck 5 is low. Deck 5 is given a curved shape, as pointed out above, and the 
radius of curvature R of deck 5 is within a range of 600ft=4000 mm, preferably 
within a range of f800O000imul 8 0Q-3000 mm . The overlap angle of wire 12 in the 
area of deck 5 is between 3 and 45 degrees, preferably between 5 and 30 degrees. 

fFigui el 100331 FIG. 2 shows a variation of the former according to fFi g urel FIG. 
1, and the former is a blade type gap former in this embodiment too. The former is 
indicated generally by reference mark 10a and it includes two forming wires 11,12, 
which are formed as endless wire loops (not shown) with the aid of hitch rolls and 
guiding rolls. Of the rolls fFignre tFIG. 2 shows the first breast roll 13 on the wire 
loop side of the first forming wire 11, through which breast roll the first forming 
wire 1 1 is guided into the dewatering area, and a suction roll 16, which in this 
embodiment guides the first forming wire 1 1 after the formation area to form the 
first wire loop and from which, correspondingly, the formed web W is guided further 
to continued treatment either supported by the first forming wire 1 1 or as shown by 
dashed lines and reference mark W in a corresponding way as in fFigur e l FIG. 1 . 
Suction roll 16 is provided with internal axial seals 17 limiting in between them 
suction zones 1 8 or other such suction areas. Correspondingly, the second breast roll 
14 is shown on the wire loop side of the second forming wire 12, through which 
breast roll the second forming wire 12 is guided into the dewatering area, and a 
guiding roll 15, which in this embodiment guides the second forming wire 12 after 
the formation area to form the second wire loop. The breast rolls 13, 14 are arranged 
in such a way that the forming wires 11,12 passing through them into the 
dewatering area form in between them a wedge-shaped forming gap G, into which 
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headbox 1 supplies the stock as a lip jet 2. 

[00341 In former 10a there are two successive dewatering zones Zl, Z2, from 
which the lip jet 2 of headbox 1 is brought into the area of the first dewatering zone 
Zl. The first dewatering zone Zl includes forming shoes 3, 3a, and w herein the 
surface contacting forming wire 11,12 corresponding to a forming shoe is given a 
curved shape in such a way that it will not cause any pulsating dewatering in web W 
traveling in between forming wires 11,12. Thus, in the embodiment shown in 
[FigureJFIG. 2 there are two forming shoes 3, 3a, which are arranged one after the 
other on opposite sides of forming wires 1 1, 12 to remove water from the fibrous 
stock located in between forming wires 1 1, 12 through both forming wires 1 1, 12, 
that is, in both directions. 

[00351 In the manner shown in fFi g ur e J FIG. 2, the first forming shoe 3 is used to 
remove water through the second forming wire 12 and, correspondingly, the second 
forming shoe 3a is used to remove water through the first forming wire 1 1 . To boost 
dewatering, forming shoes 3, 3a are connected to an underpressure source 4, 4a. 
Thus, in the presentation of fFiggre tFIG. 2 water is removed in the first dewatering 
zone Zl from both surfaces of the web formed in between forming wires 1 1, 12 by 
non-pulsating forming shoe 3, 3a. This embodiment allows good symmetry and filler 
distribution in the web. Forming shoes 3 and 3a are similar as regards their function 
and structure. As regards the structure and function of forming shoe 3 and the 
forward end of the first dewatering zone Zl reference is made to [Figuiesl FIGS. 3, 
4 and 4A. 

[00361 T he first dewatering zone Zl is followed by a second dewatering zone Z2, 
wherein pulsating dewatering is caused to occur in the web W travelling in 
between the forming wires. In the embodiment shown in fFigtirefFIG. 2, pulsating 
dewatering is brought about in such a way that on the side of the second forming 
wire 12, inside the second wire loop, are arranged fixed dewatering blades 21, which 
are supported against the second forming wire 12 and are located in the 
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cross-machine direction. The fixed dewatering blades 21 are arranged in such a way 
that gaps 22 in the cross-machine direction are formed between them. The fixed 
dewatering blades 21 are preferably arranged to form the bottom of a suction box 
connected to an underpressure source 23. The underpressure created by 
underpressure source 23 is applied tojhe web W by way of the gaps 22 between the 
fixed dewatering blades 2 1 . 



[00371 O n the side of the first forming wire 1 1, inside the first wire loop, are 
arranged dewatering blades 24, which can be loaded in a controlled manner against 
the first forming wire 1 1 . The controlled dewatering blades 24 are in the 
cross-machine direction and they are arranged especially in such a way that the 
controlled dewatering blades 24 are located at the gaps 22 located in between the ' 
fixed dewatering blades 21. With these dewatering blades (fixed/controlled) 21, 24 
and with the combination of loading elements and suction box 23 pulsating 
dewatering is caused in web W. As is illustrated in fFtguretFIG. 2, the controlled 
dewatering blades 24 are arranged at least at a part of the second dewatering zone 
Z2, preferably at the forward part of the second dewatering zone Z2. They may in 
fact also be arranged along the whole length of the second dewatering zone Z2, as is 
done, for example, in the presentation offFigttretFIG. l. Correspondingly, the 
arrangement of fFfgttre}FIG. 1 may also be similar to the one offFfaatreHilG. 2 in 
this respect. 

J00381_Thus, in the presentation of ffigttretFia 2, the first dewatering zone Zl is 
formed by two curved and successively located forming shoes 3, 3a, which are 
located against forming wires 1 1, 12 and over which the forming wires 1 1, 12 are 
travelfljing. Each forming shoe 3, 3a has a curved deck 5 forming the upper surface 
and provided with holes, openings, grooves, gaps or such 6 (fFfotres tFIGS. 3 and 
4). The forming shoes 3, 3a are connected to an underpressure source 4, 4a in such a 
way that under forming shoes 3, 3a an underpressure is arranged for removing water 
from the stock located in between forming wires 1 1, 12. The holes, openings, gaps, 
grooves or such 6 are arranged in such a way in the deck 5 of forming shoe 3, 3a that 
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the said deck 5 has a large surface area, preferably 50H-90 f% tpercent and in such 
a way that due to their shape and/or arrangement they do not cause any pressure 
pulses in web W. Pressure pulses may be caused in web W, if due to tension in 
forming wire 1 1, 12 an angle is formed in between the forming wire and the 
openings in the deck in the cross-machine direction. Pressure pulses will not be 
caused, if the open surface is formed by holes or by gaps or openings located 
essentially in the longitudinal direction of the machine. The holes 6 or such are most 
advantageously arranged in the manner shown in f Figures! FIGS. 3 and 4 obliquely 
in relation to deck 5, so that the water will be better guided into them. The angle of 
incidence of holes 6 or such in relation to deck 5 is low. Deck 5 is given a curved 
shape, as was mentioned earlier, and the radius of curvature R of deck 5 is in a range 
between 600 and 4000 mm, preferably between 800 and f3000miul 3 000 mm . The 
overlap angle of wire 1 1, 12 in the area of deck 5 is between 3 and 45 degrees, 
preferably between 5 and 30 degrees. 

[00391 B v looking more closely at fftgure tFIG. 3 it is found that the lip jet 2 of 
headbox 1 is directed into forming gap G on the side of the forming wire opposite to 
forming shoe 3, that is, the first forming wire 1 1 in the figure. ffc tThe li p jet 2 is 
thus directed against the first forming wire 1 1 into the unsupported area B of the said 
wire 1 1 before forming shoe 3. Hereby the stock supplied by headbox 1 and 
transported by the first forming wire 1 1 will not hit the leading edge or tip 7 of 
forming shoe 3, but it meets forming shoe 3 only after tip 7 in the area of deck 5. 
Thus, the leading edge 7 of forming shoe 3 will not remove any water at all, which is 
of essential significance for the operatfrjion. As lip jet 2 of headbox 1 meets 
forming wire 12 only in the area of the deck 5 o f the forming shoe 3 a this also leaves 
time to remove the air transported by the_forming wire 12 an d the lip jet 2 by the 
underpressure affecting through holes 6 in the deck 5 before the lip jet 2 meets the 
forming wire 12.. 

[0040] The free directing o f the lip jet 2 in the desired manner into the 
unsupported area of the first forming wire 1 1 after the first breast roll 1 3 is made 
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possible by the geometry presented in fFiprrefFIG. 3, to the effect that the breast 
rolls 13 and 14 are not in the same plane, but in the presentation shown in the figure 
thebreast roll 14 (the second breast roll) of the wire loop (the second wire loop) on 
the side of Informing shoe 3 is in a higher location than the breast roll 13 (the first 
breast roll) of the opposite wire loop (the first wire loop). Thus, in relation to the 
stock feeding direction the breast roll 14 on the side of forming shoe 3 is located 
after the breast roll 13 located on the opposite side. This lateral shift is illustrated by 
reference mark A in fFfotretFIG. 3. The dewatering event can be controlled and 
changed by using a replacing forming shoe 3 having a different curvature. Within the 
area of forming gap G the curvature control and dewatering control are essentially 
better than in earlier solutions. In the solution shown in fFfenre tFIG. 3, the profile 
bar of headbox 1 indicated by reference number 101 and forming shoe 3 are 
preferably on the same side as lip jet 2 of headbox 1 . This allows as short a lip jet as 
possible from headbox 1 to the wire section. 

f00411 It is an advantage of a blade type gap former 10, 10a of this type that it can 
be used to make symmetric paper, because underpressure levels can be used to 
control the dewatering distribution removed by the dewatering zones Zl, Z2 on the 
side of the different wire loops. In addition, this type of blade type gap former 10, 
1 0a can be used to guide toe_web W with a sufficiently low dry matter content to the 
loading element-suction box combination 21, 23, 24, whereby pulsating dewatering 
can be used to achieve as good a formation of paper/board web W as possible. If the 
dry matter content ofthe web W is too high, the formation of paper can no longer be 
improved with the loading element-suction box combination 21, 23, 24. Retention 
also remains good, because the non-pulsating forming shoe 3 removes water from 
web W depending on the ratio between the tension of wire 1 1, 12 and the curvature 
of thedeck 5 ofthe forming shoe 3 (dewatering pressure = tension of wire 11, 12 / 
radius of curvature of deck 5 of forming shoe 3, that is, P = T/R) and assisted by the 
underpressure of forming shoe 3. The underpressure level is preferably lf=fc25 kPa. 

[00421 B lade type gap formers have been known for quite a long time. In these 
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known formers, the first dewatering element has been the forming shoe, which has 
been used to cause pulsating dewatering in the web. With such an arrangement 
formation has been good, but retention poor, and the paper has been one-sided, that 
is, asymmetric. US patent application publication No. 2001/0025697 (US patent No. 
6,372,H091) presents as the first dewatering element a non-pulsating forming shoe, 
whereby it can be assumed that with the solution according to this publication both 
retention and paper symmetry have been improved, but good formation of the paper 
is lost at the same time, because after this non-pulsating forming shoe a dewatering 
zone is arranged, which does not cause pressure pulses of sufficient strength in the 
web. 

[0043] D ewatering systems including two or more dewatering zones are known as 
such. It is also known to use a combination of non-pulsating dewatering zone 
together with a pulsating dewatering zone in blade type gap formers, wherein the 
stock is guided from the headbox into a gap between two forming wires, whereby 
the first non-pulsating dewatering zone includes a forming roll (an open suction 
roll), which is followed by the pulsating dewatering zone containing a combination 
of loading element and suction box. With such an arrangement good retention and 
symmetric paper have been achieved, but poorer formation than with the traditional 
blade type gap formers. It was found that the reason for this was the fact that the 
forming rollfj's rotation causes an underpressure peak in the web after the forming 
roll, which peak damages the already formed web. It is an advantage of the present 
invention in this regard that the fixed non-pulsating forming shoe does not cause any 
underpressure peak after the forming shoe, with the result that the web can be 
brought into the loading element-suction box combination with a low dry matter 
content, whereby an excellent formation is achieved in the web with this 
combination of loading element and suction box. This means that the present 
invention combines the good points and advantages of the blade type gap formers 
and the roll and blade gap formers. 

fFigures H00441 FIGS. 5 and 6 show some more alternative embodiments of the 
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invention. fFigitrestFIGS. 5 and 6 show a roll and blade gap former indicated 
generally by reference number 30 in fftgqretFIG. 5 and by reference mark 30a in 
fFiguieJFIG, 6. Former 30, 30a includes two forming wires 1 1, 12, which are 
formed into endless wire loops (not shown) using hitch rolls and guiding rolls. Of 
the rolls ffigttresfFTGS, 5 and 6 show the first breast roll 13 on the side of the wire 
loop of the first forming wire 1 1, through which breast roll the first forming wire 1 1 
is guided into the dewatering area, and the second forming roll 37 or other such 
suction roll, which guides the first forming wire 1 1 after the formation area to form 
the first wire loop. The second forming roll 37 is equipped with suction zones 39 
limited by the rollf}^ internal crosswise seals 38, which suction zones are used to 
make sure that the web W formed after the mentioned suction zones 39 will follow 
the first forming wire 1 1, on which web W is taken to a pick-up roll (not shown), by 
which web W is transferred on to a pick-up fabric (not shown) and further to 
continued treatment, such as into a press section (not shown). 

10045J_Correspondingly, the forming roll 34 (the first forming roll) is shown on the 
wire loop side of the second forming wire 12, through which forming roll the second 
forming wire 12 is guided into a dewatering area, and a guiding roll 40 guiding the 
second forming wire 12 after the formation area to fonn the second wire loop. Breast 
roll 13 and forming roll 34 are arranged in such a way that the forming wires 1 1, 12 
travelflting through them into the dewatering area will form in between them a 
wedge-shaped forming gap G, into which headbox 1 supplies the stock as a lip jet 2. 
Forming roll 34 is a suction roll provided with an open, for example, perforated 
surface and containing a suction zone 36 limited by the rollffls internal axial, that is, 
crosswise seals 35. 

10046] — Former 30, 30a has two successive dewatering zones Zl, Z2 and the lip jet 
2 of headbox 1 is brought into the area of the first dewatering zone Zl. The first 
dewatering zone Zl is a non-pulsating dewatering zone and it is in fact divided into 
two parts in such a way that the first part of the non-pulsating dewatering zone 
includes the forming roll 34 located on the side of the second forming wire 12, and 



Page 20 of 29 



correspondingly, the second part includes a forming shoe 3, which is located after 
forming roll 34 and is arranged on the side of the first forming wire 1 1, in which 
forming shoe the surface contacting the first forming wire 1 1 is given a curved 
shape, so that it will not cause any pulsating dewatering in web W travelfljing in 
between forming wires 11,12. The forming shoe 3 used in these embodiments is 
connected to an underpressure source 4 and it is of a similar kind to that already 
described in connection with the former 10 of fFtgttre tFIG. 1 and whose structure 
and function was described in greater detail with the aid of IFigur e sl FIGS. 3, 4 and 
4A. In this regard reference is made to the earlier specification. 

100471 In these embodiments, too, the first dewatering zone Zl is followed by a 
second dewatering zone Z2, wherein pulsating dewatering is brought about in web 
W travelfljing in between the forming wires. The pulsating dewatering is brought 
about in the roll and blade gap former 30 according to fffjgttre tFIG. 5 in such a way 
that on the side of the second forming wire 12, inside the second wire loop, fixed 
fdc- wateiingl dewatering blades 21 are arranged, which are supported against the 
second forming wire 12 and are located in the cross-machine direction. The fixed 
dewatering blades 21 are arranged in such a way that gaps 22 in the cross-machine 
direction are formed between them. The fixed dewatering blades 21 are preferably 
arranged to form the bottom of a suction box connected to underpressure source 23. 
The underpressure generated by underpressure source 23 is applied to web W 
through the gaps 22 between the fixed dewatering blades 21. The roll and blade gap 
former 30a of [Figure} FIG, 6 has corresponding fixed dewatering blades 21 
arranged on the side of the first forming wire 1 1, inside the first wire loop, to support 
against the first forming wire 1 1. In other respects the structure is similar to the one 
presented in connection with fFtgnre iFIG. 5 with its underpressure source 23, gaps 
22 between the fixed dewatering blades 21, etc. 

100481 In the embodiment shown in fffeitre tFIG. 5, dewatering blades 24 are 
arranged on the side of the first forming wire 1 1 , inside the first wire loop, which 
dewatering blades can be loaded in a controlled manner against the first forming 



Page 21 of 29 



wire 1 1 . In the solution shown in fFtgnre lFIG. 6, the corresponding controlled 
dewatering blades 24 are arranged on the side of the second forming wire 12, inside 
the second wire loop. The controlled dewatering blades 24 are in the cross-machine 
direction and they are arranged especially in such a way that the controlled 
dewatering blades 24 are located at the gaps 22 in between the fixed dewatering 
blades 21. With these dewatering blades (fixed/controlled) 21, 24 and with the 
loading element-suction box 23 combination pulsating dewatering is caused in web 
W. In the arrangements according to the invention shown in fFigtrres tFlGS. 5 and 6 
a non-pulsating forming shoe 3 is thus located on the opposite side of the web in 
relation to forming roll 34 immediately after forming roll 34. This results in a new 
control possibility, with which it is possible to control the characteristics of the 
webftls bottom surface on the opposite side in relation to forming roll 34. It has not 
been possible earlier to do much controlling of dewatering in roll and blade gap 
formers 30 on this side, which means that a significant advantage is achieved with 
the invention compared with the state of the art. In addition, with the solutions 
according to fFfenres tFIGS. 5 and 6 non-pulsating dewatering at underpressure is 
achieved on both surfaces of the web, whereupon both web surfaces are guided into 
the area of pulsating dewatering. The structure of the non-pulsating forming shoe 3 
allows the use of a high underpressure level, at its maximum an underpressure level 
of up to 25 kPa. This again allows a better dewatering capacity as well as better 
formation and better control of the filler distribution. 

[Figure] [0049] — FIG. 7 is a schematic view of an application of the invention in 
connection with a hybrid former. Reference number 50 indicates the hybrid former 
as a whole in fFtgnretFIG. 7. In the known manner, hybrid former 50 includes a 
fourdrinier wire section including a fourdrinier wire 5 1 and dewatering equipment 
arranged under the fourdrinier wire. Headbox 1 feeds stock on to fourdrinier wire 51 
at the forward end of the fourdrinier wire section on to breast roll 52 or immediately 
after it. In fourdrinier wire section 51 dewatering takes place in one direction only, 
that is, downwards with the aid of the dewatering equipment 53 arranged. The 
dewatering equipment 53 of the fourdrinier wire section are shown quite 
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schematically in fFigm^FTG. 5 and they may include, for example, dewatering 
blades either with or without suction, various suction boxes, forming shoes or other 
such. They are not essential from the viewpoint of the invention and for this reason 
they are not described in greater detail in this connection. 

[0050] A former unit 60 is installed on top of fourdrinier wire 5 1 in such a way 
that the concerned former unit 60 together with fourdrinier wire 5 1 form a twin-wire 
part in former 50. Former unit 60 includes a top wire 61, which is made to form an 
endless wire loop with the aid of hitch rolls and guiding rolls 62, 63, 64, 65 and the 
first roll 62 of which is fitted above fourdrinier wire 5 1 in such a way that at the 
beginning of the twin- wire part a wedge-like gap G is formed, into which the stock 
supplied on to fourdrinier wire 51 is guided. Before the stock ends up in the gap 
water has already been removed from it with the aid of the dewatering equipment 53 
of fourdrinier wire 5 1 . Inside top wire loop 6 1 a suction box 66 is mounted, which in 
the example shown in fFtgnre tFIG. 7 is divided into three successive suction 
chambers 66a, 66b, 66c, in which underpressure levels of different magnitude may 
be used in the desired manner. After suction box 66 an underpressurized transfer 
suction box 54 is arranged under fourdrinier wire 5 1 to make sure that the formed 
web W will after the twin-wire part follow fourdrinier wire 5 1 , from which it will 
later be picked up at the pick-up point (not shown) for further treatment. 

[0051] According to the invention, the lower surface of the first chamber 66a of 
suction box 66, which lower surface is contacting top wire 61, is formed by a 
forming shoe 3 of a kind similar to that described earlier in connection with the 
embodiments according to [Figures] FIGS. 1, 2, 5 and 6. Thus, forming shoe 3 has 
such a structure as is described in greater detail with the aid of f Figur e s! FIGS. 3, 4 
and 4A. Thus, in this regard reference is made to the earlier description. The bottom 
of the second and third suction chambers 66b and 66a of the suction box is formed 
with the aid of fixed dewatering blades 21 in such a way that in between these fixed 
fdewatei* insi de watering blades 21 there are gaps 22, through which 
underpressures affecting in suction chambers 66b, 66c will affect the partly already 
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formed web located in between top wire 61 and fourdrinier wire 51 in order to 
remove water from it. Furthermore, in the example shown in fFignrcJFTG. 7, at the 
second suction chamber 66b under fourdrinier wire 51 controlled dewatering blades 
24 are arranged, which are loaded against fourdrinier wire 51 and which furthermore 
according to the presentation in fFtgnre tFIG. 7 are located at the gaps 22 located in 
between the fixed dewatering blades 21 . With this solution pulsating dewatering is 
brought about at the concerned blades, as was already described in connection with 
the earlier embodiments of the invention. 

[0052] Thus, at the first chamber 66a of suction box 66 a forming shoe 3 is 
mounted in the manner described above, which forming shoe does not cause any 
pulsating dewatering in the web. Forming shoe 3 is further arranged in such a way 
that the fibrous stock arriving on fourdrinier wire 5 1 into gap G will not hit the 
leading edge of forming shoe 3, but it is guided after the leading edge into the area of 
the deck of forming shoe 3. Thus, the leading edge of forming shoe 3 will not 
remove water from the fibrous stock, exactly in the same manner as was described, 
for example, in connection with fFtgnre tFIG. 1 . Thus, in the area of the suction box 
there are two successive dewatering zones, that is, the first dewatering zone Zl in 
the area of forming shoe 3, which is used to cause non-pulsating dewatering, and the 
second dewatering zone f22}Z2, which is located in the area of the fixed and 
controlled dewatering blades 21, 24 and which is used to cause pulsating dewatering. 
Thus, the non-pulsating dewatering and the pulsating dewatering take place in the 
same manner and in the same order one after the other as was described, for 
example, in connection with fFtgnre tFIG. 1, even though forming shoe 3 in the 
example shown in fFtgnretFIG. 7 is located on the side of the fixed dewatering 
blades 21 in relation to the forming wires 51,61, differently from the example 
shown in [Figurcl FIG. 1 . 

[00531 Thus, the advantages of the solution according to fFtgnre tFIG. 7 in 

comparison with the state of the art are in the same direction and mainly similar to 
those in the example shown in fFtgnretFIG. 1 . The high dewatering capacity made 
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possible by forming shoe 3 makes it possible that the consistency entering the 
twin-wire zone with each paper grade can be optimized according to the paper grade 
to be made. Hereby the fourdrinier wire stretch can also be shortened and in addition 
the web caliper may also vary within a larger range than at present at the entry to the 
twin-wire zone. 

100541 A s was already noted above, the new former according to the invention is a 
combination of two elements both as regards its structure and in process technical 
terms, in such a way that all advantages of roll and blade gap formers, blade type gap 
formers and hybrid formers can be achieved without any of their associated 
drawbacks. The first element is a new type of fixed forming shoe 3 having a curved 
deck 5, in which forming shoe it is possible to use underpressure 4 to control the 
dewatering and to make it more efficient. This forming shoe may be used either 
below or above web W. It is constructed in such a way that dewatering may take 
place freely and simultaneously through both forming wires travelfifing over the 
curved deck 5 of forming shoe 3. It is an important characteristic feature of the 
forming shoe 3 according to the invention that its deck 5 is constructed to give an 
essentially constant dewatering pressure in accordance with equation P = T/R, 
wherein P = pressure of the liquid located in between the forming wires travelfijing 
over the forming shoe, T= tension of the outer fabric and R = curvature of the fixed 
forming shoe. The purpose is that the forming shoe does not cause any pulsating 
dewatering even when dewatering is boosted by underpressure. Such an idea is 
possible, that the forming shoe according to the invention is the arch of a 
f"fixed1 " fixed rollf^^! provided with an open surface. The deck has a large open 
surface area and through openings it is connected to an underpressure chamber 
located inside the forming shoe. The openings in the deck of the forming shoe are 
formed in such a way that pulsating dewatering is avoided, which would result if the 
openings were directed essentially in the crosswise direction. In order to achieve this 
essentially constant pressure, these openings are either round holes, elliptic holes, 
gaps arranged essentially in the machine direction, wavelike gaps, protruding contact 
surfaces to support the fabric above the shoe deck, etc. 
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[00551 I n the present invention, the second dewatering element is a pulsating 
dewatering zone known in the state of the art, wherein there are crosswise fixed 
dewatering blades provided with gaps, which bring about dewatering that is made 
even more efficient by using controlled dewatering blades on the opposite side of the 
forming wires in order to increase the pulsating effect even further. 

f00561 T here are several possible different ways of combining these two different 
types of dewatering elements in order to achieve the advantages of formers of a 
known type without their associated drawbacks, such as is shown in fFigui e sl FTGS. 
If=fc7. The reasons for the synergy provided by this combination of dewatering 
elements are the following: 

[00571 Dewatering first takes place essentially at a constant pressure in the 
non-pulsating zone as two-sided dewatering (as happens also with a roll), owing to 
which the structure in the Z direction is as symmetric as with a roll. 

f0058] The effect of the lip jet of the headbox is also analogous as regards what 
happens in connection with a roll, that is, the lip jet is directed over the surface 
having a slight curvature, which may be associated with underpressure-assisted 
dewatering into the convex deck of the forming shoe. 

[00591 The resulting angle of fabrics or forming wires reducing in a wedge-like 
fashion makes the lip jet insensitive to numerous faults and trouble. 

[00601 On the output side of the non-pulsating zone having a constant pressure no 
under-pressure peaks will occur, because the structure forming this zone is fixed. In 
this way the web-damaging effect is avoided, which will occur when the originally 
constant-pressure or non-pulsating zone is formed by a roll. The constant-pressure 
zone does not limit the formeifUs dewatering capacity, but the relatively wet web 
may be transferred into the pulsating dewatering zone in order to achieve the full 
advantage from the ability of this second dewatering zone to improve formation. 
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[00611 T he capital and maintenance costs of the fixed structure of the 
non-pulsating dewatering zone according to the invention are lower than the 
corresponding costs of a roll and standby roll 

[00621 It is possible to vary the radius of the non-pulsating dewatering zone 
according to the invention over a larger area than is practical when using a roll. 
Compared with a roll, it is a further advantage of the fixed dewatering zone that the 
forming shoe radius can be modified (for example, in such a way that it is longer at 
the input end, but it becomes progressively shorter as a spiral curve towards the exit 
end). In such a case the dewatering pressure is no longer constant over the forming 
shoe, but it still remains non-pulsating and it is therefore still advantageous 
compared with state-of-the-art forming shoes. The possibility to alter the radius in 
both these ways means that the non-pulsating dewatering can be designed at each 
time to be suitable for each application better than it is possible to do with a roll. 

[00631 T he combination of the fixed non-pulsating dewatering zone and the 
state-of-the- art pulsating zone allows easier control of the dewatering degree 
between the non-pulsating and pulsating dewatering zones, whereby the dewatering 
zone can be controlled better and more easily than in the state-of-the-art formers. 
Thus, the balance between formation and retention can be better controlled. 

[00641 I t should be understood that the invention is not strictly limited to any one 
special structure and arrangement described and specified herein, but it can be 
modified within the scope of the appended claims. 
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(Abs t ract: 
i 

[Text Was Moved Fiuni licit: 1] 

[The invention concerns a method in the twin- wire foiining section of a papei 
or boaid machine; wnerein fibious stock supplied by a neadpox (1) is guided in 
be t ween forming ivhes (11, 12) foimed as wii e loops, wheie water is removed 
from the fibiuus stock in at least two successive dewatering loues (Zl, Z2). At 
least a pa rt of the fust dewatering zone (Zl) is foimed with the aid of a fixed 
formhig s hoe (3) having a cm ved sulfate ami against which o ne of the foimiug 
wires (12) is suppoi ted while the opposite foimiug wiie (11) is uusuppoi ted iu 
the aiea of the foiniing shoe (3). The o thei dewatering zone (Z2) is foimed by 
fixed dewatermg blades (21) oil the othci side of the f o iining wiies (11, 12) and 
suppoi ted against the fibrous stock l o cated in between them (21) and on the 
op posite side o f the foiming wiies (11, 12) by dewatciing blades (24), which can 
be l o aded in a conti oiled mannei against the fixed dewatering blades (21) at 
gaps (22) b etween these in such a way that pulsating dewatering is caused in the 
fibr o us stock in the second dewateiing /,one (Z2). The foiming wiies (11, 12) 
arc guided fr o m the beginning of the twinwiie f o rming secti o n into the aiea of 
t he fixed forming shoe (3) of the fust dewateiing zone (Zl) in such a wav that 
the fked f orming shoe (3) is used t o cause essentially non^pulsating dewateiing 
in the fibious (stock trareHmg in between the f o rming wiies (11, 12), which 
dewateiing is applied to the fibious stock in the area aftei the leading edge (7) 
o f the fixed f o rming shoe (3). The invention als o c o ncerns a twinwii e foimin g 
scction.][End Of Muvul Text] 

ABSTRACT OF THE DISCLOSURE 
Fibrous stock is suppli ed bv a paper or board machine headbox (1) between 
looped forming wires (1 1. 12). Water is removed in a first dewatering zone (Zl) 
formed with a fixed fo rming shoe (3) having a curved surface against which a 
wire (12) is supported while the opp osite wire (11) is unsupported in the area of 
the shoe (3). Water is re moved in a second dewatering zone (Z2) formed bv 
fixed dewatering blades ( 21) on the other side of the wires (11. 12) and 
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supported against the stock therebetween (21) and on the opposite side of the 
wires (11. 12) bv dewate ring blades (24). loaded in a controlled manner against 
the fixed dewatering bla des (21) at gaps (22) between these so that pulsating 
dewatering is caused in the second zone (Z2). The wires (11. 12) are guided so 
the shoe (3) causes esse ntially non-pulsating dewatering in the stock. 
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